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SOME PROBLEMS IN EVOLUTION » 

It was nearly 100 years ago that Charles 
Darwin began his scientific studies in the Uni- 
versity of Edinburgh. In this illustrious 
center of intellectual activity he met various 
friends keenly interested in natural history, 
and attended the meetings of scientific so- 
cieties, and it was doubtless here that were 
sown many of the seeds destined to bear such 
glorious fruit many years later. No more 
fitting subject, I think, could be found for 
an address than certain problems relating to 
his doctrine of evolution. That controversy 
perpetually rages round it is a healthy sign. 
For we must take care in science lest doc- 
trine should pass into dogma, unquestioned 
and accepted merely on authority. So from 
■time to time it is useful to reexamine in the 
light of new knowledge the very foundations 
on which our theories are laid. 

Perhaps the best way of treating these gen- 
eral subjects is by trying to answer some 
definite questions. For instance, we may ask: 
"Why are some characters inherited and 
others not? " By characters we mean all those 
qualities and properties possessed by the or- 
ganism, and by the enumeration of which we 
describe it; its weight, size, shape, color, its 
structure, composition and activities. Next, 
what do we mean by " inherited " ? It is most 
important, if possible, clearly to define this 
term, since much of the controversy in 
writings on evolution is due to its use by va- 
rious authors with a very different significance 
— sometimes as mere reappearance, at other 
times as actual transmission or transference 
from one generation to the next. Now, I pro- 
pose to use the word inheritance merely to sig- 
nify the reappearance in the offspring of a 
character possessed by the ancestor — a fact 

i Address of the president of Section D — Zoo- 
logy — British Association for the Advancement of 
Science, Edinburgh, September, 1921. 
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which, may be observed and described, regard- 
less of any theory as to its cause. Our ques- 
tion, then, is: "Why do some characters re- 
appear in the offspring and others not?" 

It is sometimes asserted that old-established 
characters are inherited, and that newly be- 
gotten ones are not, or are less constant, in 
their reappearance. This statement will not 
bear critical examination. For, on the one 
hand, it has been conclusively shown by ex- 
perimental breeding that the newest charac- 
ters may be inherited as constantly as the 
most ancient, provided they are possessed by 
both parents. 2 While, on the other hand, few 
characters in plants can be older than the 
green color due to chlorophyll, yet it is suffi- 
cient to cut off the light from a germinating 
seed for the greenness to fail to appear. 
Again, ever since Devonian times vertebrates 
have inherited paired eyes; yet, as Professor 
Stockard has shown, if a little magnesium 
chloride is added to the sea-water in which 
the eggs of the fish Fundulus are developing, 
they will give rise to embryos with one median 
cyclopean eye! Nor is the suggestion any 
happier that the, so to speak, more deep- 
seated and fundamental characters are more 
constantly inherited than the trivial or super- 
ficial. A glance at organisms around us, or 
the slightest experimental trial, soon con- 
vinces us that the apparently least-important 
character may reappear as constantly as the 
most fundamental. But while an organism 
may live without some trivial character, it can 
rarely do so when a fundamental character 
is absent, hence such incomplete individuals 
are seldom met in Nature. 

Yet undoubtedly some characters reappear 
without fail and others do not. If it is neither 
age nor importance, what is it that deter- 
mines their inheritance? The answer is that 
for a character to reappear in the offspring 
it is essential that the germinal factors and 
the environmental conditions which cooperated 
in its formation in the ancestor should both 
be present. Inheritance depends on this con- 

2 We purposely set aside complications due to 
hybridization and Mendelian segregation, which do 
not directly bear on the questions at issue. 



dition being fulfilled. For all characters are 
of the nature of responses to environment,* 
they are the products or results of the inter- 
action between the factors of inheritance (ger- 
minal factors) and the surrounding conditions 
or stimuli. This power of response or reac- 
tion is no mysterious property of organisms — 
it is the effect produced, the disturbance 
brought about by the application of a stimu- 
lus. All the special properties and activities 
of living organisms ultimately depend on their 
metabolism, of which growth and reproduction 
are the chief manifestations. The course of 
metabolism, and, consequently, the develop- 
ment in the individual of a character, is 
molded or conditioned by the environmental 
stimuli under which it takes place. On the 
other hand, the living substance, protoplasm, 
which is undergoing metabolism, is the ma- 
terial basis of the organism. It has a specific 
composition and structure peculiar to the 
particular kind of organism concerned, and 
this is handed on to the offspring in the germ- 
cells from which starts the new generation. 
The inheritance of a character is due, then, 
not only to the actual transmission or trans- 
ference of this specific "germ-plasm" con- 
taining the same factors of inheritance (ger- 
minal factors) as those from which the parent 
developed, but also to this factorial complex 
developing under the same conditions (en- 
vironmental stimuli), as those under which 
the parent developed. Any alteration either 
in the effective environmental stimuli or in 
the germinal factors will produce a new re- 
sult, will give rise to a new character, will 
cause the old character to appear no longer. 
Now what is actually transmitted from one 
generation to the next is the complex of ger- 
minal factors. Hence we should carefully dis- 
tinguish between transmission and inheritance. 

s In a letter to Nature Sir Bay Lankester long 
ago drew attention to the importance of this con- 
sideration when discussing inheritance. He also 
pointed out that Lamarck's first law, that a new 
stimulus alters the characters of an organism, con- 
tradicts his second law, that the effects of previous 
stimuli axe fixed by inheritance. (Nature, Vol. 
LI., 1894.) 
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Much of the endless confusion and intermi- 
nable controversies about the inheritance of 
so-called "acquired characters" is due to the 
neglect of this important distinction. For it 
is quite' clear that whereas factors may be 
transmitted, characters as such never are. The 
characters of the adult, being responses, are 
not present as such in the fertilized ovum 
from which it develops, they are produced 
anew at every generation.* ]STo distinction in 
kind or value can be drawn between charac- 
ters. 

If some are inherited regularly and others 
are not, the distinction lies not in the nature 
or mode of production of the characters them- 
selves, but in the constancy of the factors and 
conditions which give rise to them. Thus, 
although there is only one kind of character, 
there are two kinds of variation. 

Much of the confusion in evolutionary lit- 
erature is, I think, due to the use of the word 
variation in a loose manner. Sometimes it is 
taken to mean the degree of divergence be- 
tween two individuals; sometimes the char- 
acter itself in which they differ, such as a 
color or spot on a butterfly's wing, at other 
times a variety or race differing from the 
normal form of the species. If clearness of . 
thought and expression is to be attained, the 
word variation should mean the extent or de- 
gree of difference, between two individuals or 
between an individual and the average of the 
species, the divergence of the new form from 
the old; not a new character or assemblage of 
characters, but a difference which can be 
measured or at least estimated. "We shall then 
find that a variation is of one of two kinds 
(which may, of course, be combined) : the 
first kind is due to some change in the com- 
plex of germinal factors. 

The second kind, to which the name muta- 
tion has been applied, will, under constant con- 

* In other words, all characters are ' ' acquired 
during the lifetime of the individual," and " in- 
herited " in the sense here defined has just the 
same meaning. Much the same view was advo- 
cated by Professor A. Sedgwick in his address to 
this Section at Dover in 1899, and it has also been 
developed by Dr. Archdall Eeid and others. 



ditions, be inherited since the new complex 
of factors will be transmitted to subsequent 
generations. The first kind of variation, 
which has been called a modification, will also 
be inherited, provided, of course, the change 
of stimulus persists. In either case, new 
characters will result. But here, again, we 
must be careful not to apply the terms muta- 
tion and modification to the characters them- 
selves, as is so often done; 5 for we then re- 
introduce the confusion already exposed in the 
popular but misleading distinction between 
" acquired " and " non-acquired " characters. 
The characters due to mutation or modifica- 
tion are, of course, indistinguishable by mere 
inspection, and can only be separated by ex- 
periment. A mutation once established should 
give rise, under uniform conditions, to a new 
heritable character, and may be detected by 
crossing with normal members of the species. 

So far observations and tests have shown 
that new characters due to modification only 
reappear so long a3 the new stimulus persists. 
The difference lies not in the value or per- 
manence of the new character, but in the 
causes which give rise to it. 6 

It is little more than a platitude to state 
that, for the production of an organism or of 
any of its characters, both germinal factors 
and environmental stimuli are necessary, and 
that if evolution is to take place there must be 
change in one or both. Yet the changes in the 
factors may be held to be the more important. 

5 The name "mutation " might be given to the 
alteration in the factors instead of the variation 
due to it. The latter might then be termed a muta- 
tional variation and would be opposed to a modifi- 
' cational variation. At present the term " muta- 
tion " is applied to three different things: the 
factorial ehange, the variation or difference, and 
the new product response or character. 

e We might perhaps distinguish the two cases by 
calling them constant and inconstant characters, or 
' ' natural ' ' and ' ' acquired, "as is commonly done 
when describing immunity. It should be meant 
thereby that one is acquired usually (under normal 
conditions), the other occasionally (when infec- 
tion occurs). Error creeps in when the term 
" acquired " is opposed to " non-acquired " or to 
' ' inherited. ' ' 
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In an environment which on the whole alters 
but little, evolution progresses by the cumu- 
lation along diverging lines of adaptation of 
new characters due to mutation. Thu3 nat- 
ural selection indirectly preserves those fac- 
torial complexes which respond in a favorable 
manner. In other words, an organism, to sur- 
vive in the struggle for existence, must pre- 
sent that assemblage of factors of ii.heritance 
which, under the existing environmental condi- 
tions, will give rise to advantageous char- 
acters. 

In answer to a further question, let us 
now try to explain what we mean when we 
contrast the organism with its environment. 
In its simplest and most abstract form a liv- 
ing organism may be likened to a vortex. 
That mixture of highly complex proteins we 
call protoplasm, the physical basis of life, 
is perpetually undergoing transformations of 
matter and energy, so long as life persists. 
Towards the center of the vortex the highest 
compounds are continually being built up and 
continually being broken down; new material 
(food, water, oxygen) and energy are brought 
in at the periphery, and old material and en- 
ergy (work and heat) thrown out. The prin- 
ciple of the conservation of energy and matter 
holds good in organized living processes as 
it does in the inorganic world outside. This 
is the process we call metabolism, and it is at 
the base of all the manifestations of life. 
From the point of view of biological sci- 
ence life is founded on a complex and con- 
tinuous physico-chemical process of endless 
duration so long as conditions are favorable; 
just as a fire will continue to burn so long as 
fuel is at hand. No one step, no single sub- 
stance, can be said to be living; the whole 
chain of substances and reactions, every link 
of which is essential, constitutes the life- 
process. A stream of non-living matter with 
stored-up energy is built up into the living vor- 
tex, and again passes out as dead matter, hav- 
ing yielded up the energy necessary for the 
performance of the various activities of the 
organism. If more is taken in than is given 
out it will grow and sub-divide. The com- 
plexity of the organism may increase by the 



formation of subsidiary, more or less inter- 
dependent, vortices within it. The perpetual 
growth and transmission of factors of in- 
heritance, the continuity of the germ-plasm, is 
but another aspect of the continuity of the 
metabolic process forming the basis of the 
continuity of life in evolution. 

But all the environmental stimuli are not 
external to the organism. Just as the va- 
rious steps in the metabolic process are depen- 
dent on those which preceded them, so when 
an organism becomes differentiated into parts, 
when the main process becomes subdivided 
into subsidiary ones, these react on each other. 
What is internal to the whole becomes ex- 
ternal to the part. An external stimulus may 
set up an internal metabolic change, giving 
rise to a response whose extent and nature de- 
pend on the structure of the mechanism and 
its state when stimulated, that is to say, on 
the effect of previous responses. Such a re- 
sponse may act as an internal stimulus giving 
rise to a further response, which may modify 
the first, and so on. Parts thus 'become mar- 
velously fitted to set going, inhibit, or regu- 
late each other's action; and thus arises that 
power of individual adaptation, or self-regula- 
tion, so characteristic of living organisms. 
The processes of temperature regulation, of 
respiration, of excretion are examples of such 
delicate self-regulating mechanisms in our- 
selves. But one of the great advantages there- 
by gained by organisms is that they can regu- 
late their own growth and ensure their own 
"right" development. Whereas the simplest 
plants and animals are to a great extent, so 
to speak, at the mercy of their external en- 
vironment, except in so far as they can move 
from unfavorable to more favorable surround- 
ings; whereas their characters appear in re- 
sponse to external stimuli which may or may 
not be present, and over which they have little 
or no control — the higher organisms (more 
especially the higher animals), as it were, grad^ 
ually substitute internal for external stimuli. 
Food material is provided in the ovum, and 
the size, structure and time of appearance of 
various characters are regulated to a great ex- 
tent by use and by the secretions of various 
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endocrinal glands, the action of which has 
been so successfully studied, among others, 
by Sir Sharpey Schaffer in this University. 
Thus, as is well shown in man, the higher ani- 
mals acquire considerable independence, and 
are little affected in their development by mi- 
nor changes of environment. Inheritance is 
thus made secure by ensuring that the neces- 
sary conditions are always present. 

"We may seem to have wandered far from 
our original question; but the answer now ap- 
pears to be that only those characters can be 
regularly inherited which depend for their 
appearance on conditions always fulfilled in 
the normal environment (external or inter- 
nal) ; and those characters will not be regu- 
larly inherited which depend on stimuli that 
may or may not be present Thus, white the 
offspring of a dark-skinned race will be dark 
in whatever climate they are born, those of a 
fair-skinned race will be born fair, but may be 
darkened by sun-burn, if they spend- their 
holiday in the open. 

Now it will be said, and not without some 
truth, that all this is mere commonplace ad- 
mitted by all; but, if so, it is, I think, often 
ignored or misunderstood in discussions on 
heredity, more especially in semi-popular writ- 
ings, and sometimes even in scientific works. 
However, I quite willingly admit that the 
real problems Darwin left to be solved by the 
evolutionist are the nature of the germinal 
factors themselves, and more especially the 
origin of the differences between them, the 
origin of those changes which give rise to 
mutations. 

That these factors 7 must at least be self- 

T Herbert Spencer 's ' ' physiological units, ' ' Dar- 
win 's " pangens," "Weismann's " determinants," 
are all terms denoting factors, but with somewhat 
different meanings. More recently Professor W. 
Johannsen (" Elemente der exakten Erblichkeits- 
lehre," 1909) has proposed the term " gene " for 
a factor, " genotype " for the whole assemblage 
of factors transmitted by a species, and " pheno- 
type " for the characters developed from them. 
This clear system of nomenclature, although much 
used in America, has not been generally adopted 
in this country. 



propagating substances, subsidiary vortices in 
the main stream of metabolizing living proto- 
plasm, is certain, since they grow and multiply 
repeatedly, to be distributed to new generations 
of germ-cells. That they may be relatively 
constant and remain unaltered for generations 
seems also certain, since organisms or their 
parts can continue almost unchanged for un- 
told ages. That they can act independently, 
can be separately distributed into different 
germ-cells, and can be re-combined seems like- 
wise to have been proved by the brilliant work 
of Mendel and his followers. So independent 
and constant do they appear to be that mod- 
ern students of heredity tend to treat them 
as so many beads in a row, as separate par- 
ticles themselves endowed with all the proper- 
ties of independent living organisms, the very 
properties we wish to explain. While not pre- 
pared to accept these views without qualifica- 
tion, it seems to me that it can scarcely be 
doubted that some such units must exist 
whether in the form of discrete particles or 
merely of separable substances. But not until 
these factors have been brought into relation 
with the general metabolism of the organism, 
as links in the chain of processes, will the 
problem of inheritance approach solution. If 
the theory is to be completed it must at- 
tempt to explain how they come to differ, how 
their orderly behavior is regulated^ in what 
functional relation they stand to each other, 
what is the metabolic bond between them. 
That harmonious processes may be carried out 
by discrete elements in cooperation is shown 
in cases of symbiotic combinations such as 
the lichens, or the green algae in such ani- 
mals as Hydra and Convoluta. Here an 
originally independent organism takes its 
place and does its work regularly in another 
organism, and may even be propagated and 
transmitted from one generation to the next 
in the germ-cell! Most instructive, also, are 
the recently studied cases of bacteria and 
yeasts living regularly in certain special tis- 
sues of various species of insects, where they 
exert a definite influence on the metabolism 
(see the works of Pierantoni, Buchner, Gla- 
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ser). These no doubt are mere analogies, but 
they serve. 

In all probability, then, factors of inheri- 
tance exist, and the fundamental problem of 
Biology is, how are the factors of an organ- 
ism changed, or how does it acquire new fac- 
tors? In spite of its vast importance, it must 
be confessed that little advance has been made 
towards the solution of this problem since the 
time of Darwin, who considered that variation 
must ultimately be due to the action of the 
environment. This conclusion is inevitable, 
since any closed system will reach a state of 
equilibrium and continue unchanged, unless 
affected from without. To say that mutations 
are due to the mixture or reshuffling of pre- 
existing factors is merely to push the problem 
a step farther back, for we must still account 
for their origin and diversity. The same ob- 
jection applies to the suggestion that the 
complex of factors alters by the loss of cer- 
tain of them. To account for the progressive 
change in the course of evolution of the fac- 
tors of inheritance and for the building up 
of the complex it must be supposed that from 
time to time new factors have been added ; it 
must further be supposed that new substances 
have entered into the cycle of metabolism, 
and have been permanently incorporated as 
self -propagating ingredients entering into last- 
ing relation with preexisting factors. "We 
are well aware that living protoplasm con- 
tains molecules of large size and extraordinary 
complexity, and that it may be urged that by 
their combination in different ways, or by 
the mere regrouping of the atoms within them, 
an almost infinite number of changes may 
result, more than sufficient to account for 
the mutations which appear. But this does 
not account for the building up of the original 
complex. If it must be admitted that such a 
building process once occurred, what right 
have we to suppose that it ceased at a cer- 
tain period? We are driven, then, to the con- 
clusion that in the course of evolution new 
material has been swept from the banks into 
the stream of germ-plasm. 

If one may be allowed to speculate still 
further, may it not be supposed that factors 



differ in their stability? — that whereas the 
more stable are merely bent, so to speak, in 
this or that direction by the environment, and 
are capable of returning to their original 
condition, as a gyroscope may return to its 
former position when pressure is removed, 
other less stable factors may be permanently 
distorted, may have their metabolism per- 
manently altered, may take up new substance 
from the vortex, without at the same time 
upsetting the system of delicate adjustments 
whereby the organism keeps alive? In some 
such way we imagine factorial changes to be 
brought about and mutations to result. 

Let it not be thought for a moment that 
this admission that factors are alterable opens 
the door to a Lamarckian interpretation of 
evolution! According to the Lamarckian doc- 
trine, at all events in its modern form, a 
character would be inherited after the re- 
moval of the stimulus which called it forth in 
the parent. Now of course, a response once 
made, a character once formed, may persist 
for longer or shorter time according as it i3 
stable or not; but that it should continue to 
be produced when the conditions necessary for 
its production are no longer present is un- 
thinkable. It may, however, be said that this 
is to misrepresent the doctrine, and that what 
is really meant is that the response may so 
react on and alter the factor as to render 
it capable of producing the new character un- 
der the old conditions. But is this interpre- 
tation any more credible than the first? 

Let us return to the possible alteration of 
factors by the environment. Unfortunately 
there is little evidence as yet on this point. 
In the course of breeding experiments the oc- 
currence of mutations has repeatedly been 
observed, but what led to their appearance 
seems never to have been so clearly estab- 
lished as to satisfy exacting critics. Quite 
lately, however, Professor M. F. Guyer, of 
Wisconsin, has brought forward a most in- 
teresting case of the apparent alteration at 
will of a factor or set of factors under defi- 
nite well-controlled conditions. 8 You will re- 

8 American Naturalist, Vol. LV., 1921 ; Jour, of 
Exper. Zoology, Vol. XXXI., 1920. 
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member that if a tissue substance, blood- 
serum, for instance, of one animal be injected 
into the circulation of another, this second in- 
dividual will tend to react by producing an 
anti-body in its blood to antagonize or neu- 
tralize the effect of the foreign serum. Now 
Professor Guyer's ingenious experiments and 
results may be briefly summarized as follows./ 
By repeatedly injecting a fowl with the sub- 
stance of the lens of the eye of a rabbit he ob- 
tained anti-lens serum. On injecting this 
" sensitized " serum into a pregnant female 
rabbit it was found that, while the mother's 
eyes remained apparently unaffected, some of 
her offspring developed defective lenses. The 
defects varied from a slight abnormality to al- 
most complete disappearance. No defects ap- 
peared in untreated controls, no defects ap- 
peared with non-sensitized sera. On breeding 
the defective offspring for many generations 
these defects were found to be inherited, even 
to tend to increase and to appear more often. 
When a defective rabbit is crossed with a nor- 
mal one the defect seems to behave as a Men- 
delian recessive character, the first generation 
having normal eyes and the defect reappearing 
in the second. Further, Professor Guyer 
claims to have shown that the defect may be 
inherited through the male as well as the fe- 
male parent, and is not due to the direct trans- 
mission of anti-lens from mother to embryo 
in utero. 

If these remarkable results are verified, it 
is clear that an environmental stimulus, the 
anti-lens substance, will have been proved to 
affect not only the development of the lens 
in the embryo, but also the corresponding fac- 
tors in the germ-cells of that embryo ; and that 
it causes, by originating some destructive 
process, a lasting transmissible effect giving 
rise to a heritable mutation. 

Professor Guyer, however, goes farther, and 
argues that, since a^rabbit can also produce 
anti-lens when injected with lens substance, 
and since individual animals can even, pro- 
duce anti-bodies when treated with their own 
tissues, therefore the products of the tissues 
of an individual may permanently affect the 



factors carried by its own germ-cells. More- 
over he asks, pointing to the well-known stim- 
ulative action of internal secretions (hor- 
mones and the like), if destructive bodies 
can be produced, why not constructive bodies 
also? And so he would have us adopt a sort 
of modern version of Darwin's theory of pan- 
genesis, and a Lamarckian view of evolution- 
ary change. • 

But surely there is a wide difference be- 
tween such a poisonous or destructive action 
as he describes and any constructive process. 
The latter must entail, as I tried to show 
above, the drawing of new substances into the 
metabolic vortex. Internal secretions are 
themselves but characters, products (perhaps 
of the nature of ferments) behaving as en- 
vironmental conditions, not as self -propagating 
fatcors, molding the responses, but not per- 
manently altering the fundamental structure 
and composition of the factors of inheritance. 

Moreover, the early fossil vertebrates had, 
in fact, lenses neither larger nor smaller on 
the average than those of the present day. 
If destructive anti-lens had been continually 
produced and had acted, its effect would have 
been cumulative. A constructive substance 
must, then, have also been continually pror 
duced to counteract it. Such a theory might 
perhaps be defended; but would it bring us 
any nearer to the solution of the problem? 

The real weakness of the theory is that it 
does not escape from the fundamental objec- 
tions we have already put forward as fatal to 
Lamarckism. If an effect has been produced, 
either the supposed constructive substance was 
present from the first, as an ordinary internal 
environmental condition necessary for the nor- 
mal development of the character, or it must 
have been introduced from without by the ap- 
plication of a new stimulus. The same objec- 
tion does not apply to the destructive effect. 
No one doubts that if a factor could be de- 
stroyed by a hot needle or picked out with 
fine forceps the effects of the operation would 
persist throughout subsequent generations. 

Nevertheless, these results are of the great- 
est interest and importance, and, if eorrob- 
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orated, will mark an epoch in the study of 
heredity, being apparently the first successful 
attempt to deal experimentally with a partic- 
ular factor or set of factors in the germ- 
plasm. 

There remains another question we must 
try to answer before we close, namely, " What 
share has the mind taken in evolution?" 
From the point of view of the biologist, de- 
scribing and generalizing on what he can ob- 
serve, evolution may be represented as a series 
of metabolic changes in living matter molded 
by the environment. It will naturally be ob- 
jected that such a description of life and its 
manifestations as a physico-chemical mechan- 
ism takes no account of mind. Surely, it will 
be said, mind must have affected the course of 
evolution, and may indeed be considered as the 
most important factor in the process. Now, 
without in the least wishing to deny the 
importance of the mind, I would maintain 
that there is no justification for the belief 
that it has acted 1 or could act as something 
guiding or interfering with the course of 
metabolism. This is not the place to enter in- 
to a philosophical discussion on the ultimate 
nature of our experience and its contents, nor 
would I be competent to do so; nevertheless, 
a scientific explanation of evolution can not 
ignore the problem of mind if it is to satisfy 
the average man. 

Let me put the matter as briefly as possible 
at the risk of seeming somewhat dogmatic. 
It will be admitted that all the manifestations 
of living organisms depend, as mentioned 
above, on series of physico-chemical changes 
continuing without break, each step deter- 
mining that which follows; also that the so- 
called general laws of physics and of chem- 
istry hold good in living processes. Since, 
so far as living processes are known and un- 
derstood, they can be fully explained in ac- 
cordance with these laws, there is no need and 
no justification for calling in the help of any 
special vital force or other directive influence 
to account for them. Such crude vitalistic 
theories are now discredited, but tend to re- 
turn in a more subtle form as the doctrine 



of the interaction of body and mind, of the 
influence of the mind on the activities of the 
body. But, try as we may, we can not con- 
ceive how a physical process can be inter- 
rupted or supplemented by non-physical agen- 
cies. Rather do we believe that to the con- 
tinuous physico-chemical series of events there 
corresponds a continuous series of mental 
events inevitably connected with it; that the 
two series are but partial views or abstrac- 
tions, two aspects of some more complete 
whole, the one seen from without, the other 
from within, the one observed, the other felt. 
One is capable of being described in scientific 
language as a consistent series of events in 
an outside world, the other is ascertained by 
introspection, and is describable as a series 
of mental events in psychical terms. There 
is no possibility of the one affecting or con- 
trolling the other, since they are not inde- 
pendent of each other. Indissolubly con- 
nected, any change in the one is necessarily 
accompanied by a corresponding change in the 
other. The mind is not a product of metab- 
olism as materialism would imply, still less 
an epiphenomenon or meaningless by-product 
as some have held. I am well aware that the 
view just put forward is rejected by many 
philosophers, nevertheless it seems to me to 
be the best and indeed the only working hy- 
pothesis the biologist can use in the present 
state of knowledge. The student of biology, 
however, is not concerned with the building 
up of systems of philosophy, though he should 
realize that the mental series of events lies 
outside the sphere of natural science. 

The question, then, which is the more im- 
portant in evolution, the mental or the physical 
series, has no meaning, since one can not hap- 
pen without the other. The two have evolved 
together pari passu. "We know of no mind 
apart from body, and have no right to assume 
that metabolic processes can occur without 
corresponding mental processes, however sim- 
ple they may be. 

Simple response to stimulus is the basis of 
all behavior. Responses may be linked to- 
gether in chains, each acting as a stimulus to 
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start the next; they can be modified by other 
simultaneous responses, or by the effects left 
behind by previous responses, and so may be 
built up into the most complicated behavior. 
But, owing to our very incomplete knowledge 
of the physical-chemical events concerned^ we 
constantly, when describing the behavior of 
living organisms, pass, so to speak, from the 
physical to the mental series, filling up the 
gaps in our knowledge of the one from the 
other. We thus complete our description of 
behavior in terms of mental processes we 
know only in ourselves (such as feeling, emo- 
tion, will) but infer from external evidence 
to take place in other animals. 

In describing a simple reflex action, for 
instance, the physico-chemical chain of events 
may appear to be so completely known that 
the corresponding mental events are usually 
not mentioned at all, their existence may even 
be denied. On the contrary, when describing 
complex behavior when impulses from external 
or internal stimuli modify each other before 
the final result is translated into action, it is 
the intervening physico-chemical processes 
which are unknown and perhaps ignored, and 
the action is said to be voluntary or prompted 
by emotion or the will. 

The point I wish to make, however, is that 
the actions and behavior of organisms are 
responses, are characters in the sense described 
in the earlier part of this address. They are 
inherited, they vary, they are selected, and 
evolve like other characters. The distinction 
so often drawn by psychologists between in- 
stinctive behavior said to be inherited and 
intelligent behavior said to be acquired is as 
misleading and as little justified in this case 
as in that of structural characters. Time will 
not allow me to develop this point of view, but 
I will only mention that instinctive behavior 
is carried out by a mechanism developed un- 
der the influence of stimuli, chiefly internal, 
which are constantly present in the normal 
enviromental conditions, while intelligent be- 
havior depends on responses called forth by 
stimuli which may or may not be present. 
Hence, the former is, but the latter may or 



may not be inherited. As in other cases, the 
distinction lies in the factors and conditions 
which produce the results. Instinctive and 
intelligent behavior are usually, perhaps al- 
ways, combined, and one is not more primi- 
tive or lower than the other. 

It would be a mistake to think that these 
problems concerning factors and environment, 
heredity and evolution, are merely matters of 
academic interest. Knowledge is power, and 
in the long run it is always the most abstruse 
researches that yield the most practical re- 
sults. Already, in the effort to keep up and 
increase our supply of food, in the constant 
fight against disease, in education, and in the 
progress of civilization generally, we are be- 
ginning to appreciate the value of knowledge 
pursued for its own sake. Could we acquire 
the power to control and alter at will the fac- 
tors of inheritance in domesticated animals 
and plants, and even in man himself, such 
vast results might be achieved that the past 
triumphs of the science would fade into in- 
significance. 

Zoology is not merely a descriptive and ob- 
servational science, it is also an experimental 
science. For its proper study and the prac- 
tical training of students and teachers alike, 
well-equipped modern laboratories are neces- 
sary. Moreover, if there is to be a useful and 
progressive school contributing to the advance 
of the science, ample means must be given for 
research in all its branches. Life doubtless 
arose in the sea, and in the attempt to solve 
most of the great problems of biology the 
greatest advances have generally been made 
by the study of the lower marine organisms. 
It would be a thousand pities, therefore, if 
Edinburgh did not avail itself of its fortunate 
position to offer to the student opportunities 
for the practical study of marine zoology. 

In his autobiography, Darwin complains of 
the lack of facilities for practical work — the 
same need 1 is felt at the present time. He 
would doubtless have been gratified to see the 
provision made since his day and the excellent 
use to which it has been put; but what seems 
adequate to one generation becomes insuffi- 
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cient for the next. We earnestly Lope that 
any appeal that may be made for funds to 
improve this Department of Zoology may meet 
with the generous response it certainly de- 
serves. 

Edwin S. Goodrich 



THE SPIRIT OF RESEARCH 

The recent World War emphasized the im- 
portance of scientific investigation and as a 
result there has followed a vigorous campaign 
to promote research in America. In conse- 
quence a great deal has been published 
recently concerning the mechanism of re- 
search; how we may cooperate; how the large 
university with superior equipment may help 
the teacher in the small institution to keep 
alive the hope that is within him to do re- 
search work; we have bulletins issued from 
time to time which bring certain fields of 
knowledge up-to-date; we have compendia on 
the technique of research; in a host of differ- 
ent ways the machinery for doing research is 
being cleaned and oiled and must run infi- 
nitely better than it has in the past. This is 
all exceeedingly important and must be done 
if we are to take a share in the program of 
scientific investigation. Back of all this ma- 
chinery, however, must be human minds and 
the progress we make in the search for truth 
is going to depend on the spirit which ani- 
mates these human minds guiding this ma- 
chinery of research and taking part in the 
actual investigation of the many unsolved 
problems about us and trying to 

Bead the world's old riddles well. 

In other words, the motives which prompt 
men to spend long hours and sleepless nights 
trying to fathom the depths of the unknown 
will determine the success individuals have 
in their work. 

As one goes over the records of human 
achievements in history, there is developed 
in the reader a sense that the great achieve- 
ments of the world have been in the realm 
of the spiritual. (Using that term in its 
broadest meaning.) The Magna Oharta, the 
advent of the Pilgrim Fathers, the Boston 



Tea Party, the Declaration of Independence, 
the Emancipation Proclamation are events 
and articles having the greatest spiritual 
significance. Great because they were staged 
for the uplift of the masses and not for the 
aggrandizement of the few as the failures of 
Alexander, K~apoleon and William the Second 
are glaring examples. 

It would seem that lessons of immense 
value to us might be gleaned from history 
as an aid in stimulating the spirit of re- 
search. What have the ancients to offer us? 
If achievement comes by means of spiritual 
forces then the animus of research must be 
spiritualized. Too much have we strayed 
from the simplicity of spirit which ruled the 
mind of the savant on the isle of Penikese 
who had 

come in search of truth 

Trying with uncertain key 

Door by door of mystery. 

Too much have we been stimulated by per- 
sonal ambition in our "search for truth." 
Promotion, because of the amount of research 
we do is not the spiritualization sought for 
in this plea. The fundamental virtue of the 
investigator is a passion for truth whatever 
it be and through whatever channels it may 
come. As Bosworth says, 

One 's only safety consists in a fair treatment of 
facts. One fact fairly treated leads to another, and 
this to another. Facts treated as they ought to be 
treated lead always to a larger life. 

This means not only a larger life for the in- 
vestigator but more particularly for the great 
human family about him. Imbued with this 
spirit the seeker after truth goes in its search 
with the altruistic ambition of making the 
world a better place to live in, in every sense 
of the word " making it safe for democracy." 

Not of the sunlight, 
Not of the moonlight, 
Not of the starlight I 
O young Mariner, 
Down to the haven 
Call your companions, 
Launch your vessel, 
And crowd your canvas, 
And, e 'er it vanishes 



